2-fold. Lack of the vacuolar endoproteinases yscA and yscB reduces the protein degradation rate by about 30% under the conditions of canavanine-induced synthesis of false proteins ( Table 2) .
The remaining protein degradation rate of 15% under starvation conditions, and of 6(r-70°h under growing conditions in mineral medium in strains defective in the two vacuolar endoproteinases yscA and yscB, clearly indicates that other degradative enzyme systems must exist in the yeast cell. This is also demonstrated by a strain carrying a false carboxypeptidase yscY protein owing to mutation in its structural gene (Wolf & Weiser, 1977) (Fig. 3) . The false protein is degraded with a half-life of 30min in vivo in a strain with a wild-type proteinase background. Introduction of the proteinase yscA and proteinase yscB (as well as carboxypeptidase yscS) mutations into this strain does not alter the high degradation rate of the false caboxypeptidase yscY protein (Fig. 3) .
A multitude of new proteolytic enzymes has been found with the aid of chromogenic peptide substrates (Achstetter tv al., 1981 (Achstetter tv al., , 1982 (Achstetter tv al., , 1983 (Achstetter tv al., , 1984a Suarez-Rendueles et al., 1981; Wolf & Ehmann, 1981; Achstetter & Wolf, 19856) . One new enzyme, identified as dipeptidyl aminopeptidase and called dipeptidyl aminopeptidase yscV is localized in the vacuolar membrance (Garcia-Alvarez et al., 1985) . Mutants deficient in this enzyme activity do not show any altered phenotype, probably indicating that other enzymes with overlapping activity might exist which can substitute for dipeptidyl aminopeptidase yscV when it is missing (M. P. Suarez-Rendueles & D. H. Wolf, unpublished work) . The majority of the new proteolytic enzymes are nonvacuolar (Emter & Wolf, 1984) . Two proteinases, called proteinase yscD and proteinase yscE, were purified and characterized (Achstetter et al., 19846, 1985) . Mutants devoid of proteinase yscD were isolated, but no phenotype has been found as yet, probably indicating that other activity(ies) can substitute in vivo when proteinase yscD is absent (Garcia-Alvarez et a/., 1987). Proteinase yscE, an enzyme of M, > 600 000, has proven to be ATP stimulated (C. Escher & D. H . Wolf, unpublished work) . Mutants of this enzyme, as well as the many other proteinases identified so far, should give insight into their function in vivo.
Among the detected enzymes, additional proteinases exhibiting degradative capacity might be uncovered and proteinases of highly restricted and specific functions might be found. The best known example of this kind is proteinase yscF, the enzyme responsible for maturation of the a-factor precursor protein. The enzyme is highly specific for the recognition of sequences of two basic amino acids and splits the pheromone precursor at these recognition sites (Julius et a[., 1984; Achstetter & Wolf, 19856) .
In both bacterial and eukaryotic cells, relatively long-lived proteins, whose half-lives are close to or exceed the cell generation time, coexist with proteins whose half-lives can be less than I YO of the cell generation time. Rates of intracellular protein degeneration are a function of the cell's physiological state, and appear to be controlled differentially for individual proteins. In particular, damaged and some otherwise abnormal proteins are metabolically unstable in viw. Although the specific functions of selective protein degradation are in most cases still unknown, it is clear that many regulatory proteins are extremely short-lived in vivo. Metabolic instability of such proteins allows for rapid adjustments of their intracellular concentrations through regulated changes in rates of their synthesis or degradation.
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Most (but not necessarily all) of the selective turnover of intracellular proteins under normal metabolic conditions is ATP-dependent and (in eukaryotes) non-lysosomal. Recent biochemical and genetic evidence (reviewed in Finley & Varshavsky, 1985; Finley rt al., 1978) indicate that, at least in eukaryotes, covalent conjugation of ubiquitin to shortlived intracellular proteins is essential for their selective degradation. Ubiquitin, a 76-residue protein, is found in eukaryotes either free or covalently joined via its carboxylterminal Gly residue to a variety ofcytoplasmic, nuclear and cell surface proteins.
The understanding that ubiquitinated intracellular proteins include obligatory intermediates in selective protein turnover leaves essentially untouched the fundamental problem of targeting: how are intracellular proteins initially recognized as substrates for selective degradation? By analogy with the signal sequences that confer on a protein the ability to enter distinct cellular compartments, it could be expected that proteins also contain sets of specific amino acid sequences that alone or in combination would act to determine the half-life of each protein in vivo. A priori, the sequence complexity of such a 'half-life rule' might be at least comparable to that of other known signal sequence systems in proteins. Using a new approach which makes it possible to expose in viva different amino acid residues at the amino-terminal of otherwise identical test proteins, we have recently found that an important component of the half-life rule (the 'N-end rule') is remarkably simple (Bachmair ct al., 1986) .
Specifically, when a chimeric gene encoding a ubiquitin-P-galactosidase fusion protein is expressed in the yeast Suc.c,hcironi!.cPs crrevisiur., ubiquitin is cleaved off the nascent fusion protein, yielding a deubiquitinated fl-galactosidase (/j--gal). With one exception, this cleavage takes place regardless of the nature of the amino acid residue of p-gal at the ubiquitin-P-gal junction, thereby making it possible to expose different residues at the amino-termini of the otherwise identical P-gal proteins. The /$gal proteins thus designed have strikingly different half-lives in vivo, from more than 20 h to less than 3 min, depending on the nature of the amino acid at the amino-terminus of fl-gal. The set of individual amino acids can thus be ordered with respect to the half-lives that they confer on /]-gal when non-compartmentalized intracellular proteins from both prokaryotes and eukaryotes belong exclusively to the stabilizing class as predicted by the N-end rule. The function of the previously described post-translational addition of single amino acids to protein amino-termini may also be accounted for by the N-end rule. Thus the recognition of an aminoterminal residue in a protein may mediate both the metabolic stability of the protein and the potential for regulation of its stability (Bachmair et al., 1986) .
The N-end rule defines one important component of the amino acid targeting mechanism. Experiments in progress are addressing the nature of additional structural features of proteolytic substrates that are required for their aminoterminal targeting in selective protein turnover. Bacterial glutamine synthetase is selectively degraded in vivo under conditions of nitrogen starvation and there is evidence to suggest that the first step in this degradation process is a mixed-function oxidation reaction which causes inactivation of the enzyme and marks it for proteolytic breakdown (Levine et al., I98 I). Purified Escherichiu coli glutamine synthetase can be inactivated by any one of several different mixed-function oxidation systems (Stadtman, 1986) . In these studies a non-enzymic mixed-function oxidation system composed of ascorbate, oxygen and iron has been used to investigate the molecular basis for the loss of enzyme activity and for the increase in proteolytic susceptibility caused by oxidation of the enzyme (Table I) .
Of the proteases found to preferentially degrade oxidized glutamine synthetase (Rivett, 1985~; Roseman & Levine, 1987) , a high molecular weight rat liver proteinase (Rivett. 19856) was chosen to study the changes occurring during oxidation because it extensively degrades oxidized glutamine synthetase. but has no effect on the native enzyme. Using this proteinase it was found that completely inactivated glutamine synthetase preparations still contained some enzyme which was resistant to proteolytic attack In other words, oxidative inactivation is of itself not sufficient to render the enzyme susceptible to proteolytic attack. Moreover, when the time course of the oxidation was investigated, it was found that there was a lag period before any increase in proteolytic susceptibility was observed (Rivett, 1986) .
Because most of the activity of glutamine synthetase is lost during the lag period before the increase in proteolytic susceptibility, it seemed that the oxidation of this enzyme would be a useful system in which to study the interrelationship of changes occurring during the oxidation by measuring them as a function of time of exposure to the ascorbate system (Rivett & Levine, 1985) . The basis for the enhanced proteolytic susceptibility was of particular interest.
Early studies of the changes occurring in glutamine synthetase during oxidative inactivation resulting from exposure to the ascorbate system (Levine et ul., 1981; Levine, 1983u,h) showed the loss of a single histidine residue per subunit, introduction of carbonyl groups and enhanced proteolytic susceptibility. Substrates were found to partially protect against oxidative inactivation (Levine 19836; Fucci et ul.. 1983) . I t has been proposed that Fe2+ and HzOz produced by mixed-function oxidation systems interact at metal binding sites on the enzyme to generate active oxygen species which modify specific amino acid residues thereby causing the other changes associated with the oxidation (Levine et ul., 1981; Stadtman, 1986) .
Consistent with this proposal, direct radical attack on proteins can cause enhanced proteolytic susceptibility and fragmentation (Curran et al., 1984; Wolff & Dean, 1986) similar to that observed after mixed-function oxidation, and may also play a role in marking proteins for degradation in vivo (Kyle et al., 1984; Mattoo et ul., 1984) .
Also, there is now further evidence that oxidative modification of glutamine synthetase occurs at the active site (metal binding site) (Rivett & Levine, 1986) . A substrate analogue, methionine sulphoximine, which in the presence of ATP and divalent metal ions binds irreversibly to the enzyme at neutral pH (Maurizi & Ginsburg, 1985) , was used to test whether occupancy of the active site could block all of the changes associated with the oxidation (Rivett & Levine, 1986) . Exposure of the enzymemethionine sulphoximine complex to the ascorbate system followed by removal of the substrate analogue by exposure to low pH values resulted in the recovery of fully active enzyme. Moreover, none of the other changes which normally accompany oxidation (loss of histidine residues, formation of carbonyl groups, enhanced pro-
